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ABSTRACT
Context.We assemble a database of 15 high surface brightness (HSB) and 15 low surface brightness (LSB) galaxies, for which surface
brightness density and spectroscopic rotation curve data are both available and representative for various morphologies. We use this
dataset to test the Navarro-Frenk-White, the Einasto, and the pseudo-isothermal sphere dark matter models.
Aims. We investigate the compatibility of the pure baryonic model and baryonic plus one of the three dark matter models with
observations on the assembled galaxy database. When a dark matter component improves the fit with the spectroscopic rotational
curve, we rank the models according to the goodness of fit to the datasets.
Methods. We constructed the spatial luminosity density of the baryonic component based on the surface brightness profile of the
galaxies. We estimated the mass-to-light (M/L) ratio of the stellar component through a previously proposed color–mass-to-light ratio
relation (CMLR), which yields stellar masses independent of the photometric band. We assumed an axissymetric baryonic mass model
with variable axis ratios together with one of the three dark matter models to provide the theoretical rotational velocity curves, and
we compared them with the dataset. In a second attempt, we addressed the question whether the dark component could be replaced
by a pure baryonic model with fitted M/L ratios, varied over ranges consistent with CMLR relations derived from the available stellar
population models. We employed the Akaike information criterion to establish the performance of the best-fit models.
Results. For 7 galaxies (2 HSB, and 5 LSB), neither model fits the dataset within the 1σ confidence level. For the other 23 cases,
one of the models with dark matter explains the rotation curve data best. According to the Akaike information criterion, the pseudo-
isothermal sphere emerges as most favored in 14 cases, followed by the Navarro-Frenk-White (6 cases) and the Einasto (3 cases) dark
matter models. We find that the pure baryonic model with fitted M/L ratios falls within the 1σ confidence level for 10 HSB and 2
LSB galaxies, at the price of growing the M/Ls on average by a factor of two, but the fits are inferior compared to the best-fitting dark
matter model.
Key words. galaxies: structure, halos - cosmology: dark matter
1. Introduction
Recent cosmological data suggest that 26.8 percent of the en-
ergy content of the Universe is in the form of dark mat-
ter (Planck Collaboration et al. 2016), but no compelling un-
derstanding of its nature has been possible so far. Galaxy-
structure studies provide an efficient test of various dark mat-
ter candidates, as dark matter plays a key role on this scale.
The understanding of the kinematics of galaxy clusters (Zwicky
1937) and galactic rotation curves (e.g., Rubin et al. 1978, 1985;
Mathewson et al. 1992; Prugniel et al. 1998) all require dark
matter. When we compare different dark matter models with
galactic rotation curves, it is crucuial to estimate the mass of
the baryonic (luminous) component accurately.
The baryonic mass density of the galaxy can be calculated
from the luminosity distribution, assuming a certain mass-to-
light (M/L) ratio. There are five basic techniques employed to
estimate this ratio: a) using tabulated relations between color
and M/L (e.g., Bell & de Jong 2001), b) modeling broadband
photometry (e.g., Sawicki & Yee 1998), c) modeling moderate-
resolution spectra (e.g., Giallongo et al. 1998), d) the analysis of
CMDs in nearby galaxies with resolved stellar populations (e.g.
Dalcanton et al. 2012), and e) dynamical modeling via the Jeans
equation in early-type galaxies (e.g., Cappellari et al. 2013)
or in intermediate- and late-type disks (e.g., Bershady et al.
2010; Martinsson et al. 2013). In this paper we employ the first
method.
The accuracy of the color–mass-to-light relations (CMLR,
e.g., Bruzual & Charlot 2003; McGaugh & Schombert 2014)
highly depends on the assumed initial mass function (IMF) of
the employed stellar population synthesis model, the variations
in the star formation histories of galaxies, the distribution of stel-
lar metallicities, and the contribution of stars in bright but short-
lived phases of evolution (e.g., TP-AGB stars). According to
McGaugh & Schombert (2014), the semi-empirical stellar pop-
ulation synthesis model of Bell et al. (2003) provides the most
identical stellar masses in different photometric bands. They
modified the according CMLR relation to achieve the best match
of the calculated stellar masses in different photometric bands.
When the Newtonian law of gravity is employed to deduce
the rotational curve of the luminous component, the model curve
is qualitatively different from the curve emerging from spectro-
scopic measurements (Doppler shift of the spectral lines). Either
gravity is not well understood and needs refinement on galac-
tic scales, or there is an invisible contribution to the mass of
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the galaxy, which interacts only gravitationally. In this paper
we compare the compatibility with galactic rotation curves of
three frequently used dark matter models and of the pure bary-
onic model.
The Navarro-Frenk-White (hereafter NFW) dark mat-
ter model is motivated by cold dark matter simulations.
Navarro et al. (1997) used high-resolution N-body simulations
to study the equilibrium density profiles of dark matter, and
found that their halos have the same shape regardless of the halo
mass, initial density fluctuations, and cosmological parameters.
The NFW model has a divergent central density, and it is cuspy,
the density scaling as r−1 (r being the radial distance).
Einasto (1965) proposed the density ρ ∼ exp(−Arα) for a
spherical stellar system, able to model both steep and shallow
profiles. The Einasto model is formally similar to Sersic’s law,
but it is fit to the space density as compared to the projected sur-
face density for the latter. Merritt et al. (2006) pointed out that
Sersic’s law is also an excellent description for N-body dark mat-
ter halos (see references therein).
The pseudo-isothermal sphere (hereafter PSE) halo has no
cosmological motivation, but it often fits the rotational curves
better than NFW (de Blok & Bosma 2002; Kuzio de Naray et al.
2008), as the PSE profile exhibits finite density at the center of
the halo (e.g., Chemin et al. 2011).
For each density profile, the rotational velocity of the halo
can be fit to the spectroscopically measured curves. We did this
for either the pure baryonic model or for the three frequently
used dark matter profiles (NFW, Einasto, and PSE). We have
chosen 15 high surface brightness (HSB) and 15 low surface
brightness (LSB) galaxies for this purpose.
In Section 2 we generate the spatial luminosity density of
the baryonic component from the projected surface brightness
profile of the galaxies. We also summarize the contributions of
the baryonic and the dark matter components to the rotational
velocity. In Section 3 we present the model fit results regarding
the spatial luminosity density of the baryonic components. In
Section 4 we compare the rotational velocity models with the
spectroscopic rotational curves. In Section 5 we investigate the
relevance of the dark matter models. In Section 6 we summarize
the results.
The ΛCDM cosmological model is adopted throughout the
paper, with the Hubble constant H0 = 67.8kms−1Mpc−1
and (baryonic+dark) matter density Ωm = 0.308
(Planck Collaboration et al. 2016).
2. Galactic rotation curves
2.1. Contribution of baryonic matter
The baryonic rotational curves are derived based on the distribu-
tion of the luminous matter, which is deduced from the surface
brightness of the galaxy.
The surface brightness S is the radiative flux F per solid an-
gle ∆Ω of the image such that S ≈ F/∆Ω, which is a func-
tion of the redshift, and it is independent of the distance D of
the emitting surface in a Friedmann universe. The observed sur-
face brightness S obs in units of L⊙/kpc2 can alternatively be ex-
pressed as the quantity µ in units of mag/arcsec2:
S obs(R) = 4.255 × 1014 × 10(0.4(M⊙−µ(R))), (1)
where R is the distance measured from the center of the galaxy in
the galaxy plane, andM⊙ is the absolute brightness of the Sun
in units of mag. We translated µ(R) into S obs(R) using Eq. (1),
which is valid in the local Universe (z ≪ 1), having an (1 + z)3
factor suppressed.
We followed Tempel & Tenjes (2006) to derive the surface
brightness, assuming that the spatial luminosity density distribu-
tion of each visible component is given by
l(a) = l(0) exp
−
(
a
ka0
)1/N . (2)
Here l(0) = hL/(4πqa30) is the central density, where a0 char-
acterizes the harmonic mean radius of the respecting compo-
nent, and k and h are scaling parameters. Furthermore, a =√
R2 + z2/q2, where q is the axis ratio, and R and z are cylindrical
coordinates. From the measurements the projection of l(a) onto
the plane of the sky perpendicular to the line of sight is derived:
S (R) = 2
n∑
i
qi
∫ ∞
R
li(a)a√
a2 − R2
da. (3)
Here S (R) arises as a sum for n visible components, and we as-
sumed constant axis ratios qi. Equation (3) was fit to the surface
brightness of the galaxies µ(R), in order to reveal the spatial lu-
minosity density l(a).
We decomposed the baryonic model into two components, a
bulge and a disk. Therefore the mass density is
ρ(a) = σlb(a) + τld(a), (4)
where lb(a) and ld(a) are the spatial luminosity density of the
bulge and of the disk, respectively, and σ and τ are the cor-
responding mass-to-light (M/L) ratios (both are given in solar
units).
It follows from the Poisson equation that for spheroidal
shape matter, the rotational velocity in the galactic plane induced
by the ith baryonic component is given by (Tamm & Tenjes
2005)
V2i (R) = 4πqiG
∫ R
0
ρi(a)a2
(R2 − e2
i
a2)1/2
da, (5)
where G is the gravitational constant, ei = (1 − q2i )1/2 is the
eccentricity of the ith component, and ρi(a) is its mass density.
Then a summation of V2
i
(R) over all visible components gives
the square of the rotational velocity of the baryonic model.
2.2. Contribution of the dark matter
For a spherically symmetric dark matter halo, the rotational ve-
locity square is
V2DM(r) =
GMDM(r)
r
, (6)
with the spherical radial coordinate r, and cumulative mass
within a sphere of r radius
MDM(r) = 4π
∫ r
0
ρDM(r
′)r
′2dr′. (7)
The NFW dark matter density profile is (Navarro et al. 1997)
ρNFW(r) =
ρs(
r
rs
) (
1 + r
rs
)2 , (8)
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where ρs and rs are the characteristic density and scale distance.
The contribution of this dark matter to the rotational velocity
squared at radial distance r is
V2NFW(r) = 4πGρ
r3s
r
ln
(
1 +
r
rs
)
− r
rs
 11 + r
rs

 . (9)
The Einasto dark matter profile is described by (e.g.,
Merritt et al. 2006)
ρE(r) = ρe exp
−dn

(
r
re
)1/n
− 1

 , (10)
where n is a positive parameter. The term dn is a function of n
with the property that ρe is the density at re defining a half-mass
radius. An empirical relation between dn and n is (Merritt et al.
2006)
dn ≈ 3n − 13 +
0.0079
n
. (11)
The total dark matter mass is
ME,tot = 4πρE,0h
3nΓ(3n), (12)
with the central density ρE,0 = ρeedn , complete Gamma function
Γ(3n), and h = re/dnn (Retana-Montenegro et al. 2012). This dark
matter contributes to the rotational velocity squared as
V2E(r) =
GME,tot
r
[
1 − Γ(3n, s
1/n)
Γ(3n)
]
, (13)
with the incomplete Gamma function Γ(3n, s1/n), and s = dnnr/re.
The PSE density profile is given by (e.g., Jimenez et al.
2003)
ρP(r) = ρP,0
1 +
(
r
rc
)2
−1
, (14)
where ρP,0 is the central density, and rc scales the size of the core.
For this model the contribution to the square of the rotational
velocity reads
V2P(r) = 4πGρP,0r
2
c
[
1 − rc
r
arctan
(
r
rc
)]
. (15)
Taking into account both visible and dark matter, the rota-
tional velocity squared in the galactic plane becomes:
V2(R) = V2b (R) + V
2
d (R) + V
2
DM(R, z = 0). (16)
This was fit to the spectroscopic rotational curves for each of the
dark matter models (NFW, Einasto, and PSE).
3. Best-fit surface brightness profile of the galaxies
We calculated the S obs(R) of the galaxies from µ(R), given
in the literature. The ESO HSB galaxies were imaged in I
band (Palunas & Williams 2000). Eight of the 15 LSB galaxies
were detected in R band (F561-1, UGC1230, van der Hulst et al.
1993), (F563-1, F579-V1, F583-1, de Blok et al. 1996), and
(F568-3, UGC128, UGC5750, de Blok et al. 1995), and 7
in V band (F730-V1, UGC10310, UGC11454, UGC11616,
UGC11748, UGC11819, and UGC6614 Kim 2007). The abso-
lute brightness of the Sun (M⊙) was substituted into Eq. (1) ac-
cording to the observing photometric filter, assuming the val-
ues of Binney & Merrifield (1998) (Table 2.1) as MI,⊙ = 4.08m,
MR,⊙ = 4.42m, and MV,⊙ = 4.83m.
Then by using Eq. (3) and varying the parameters q, l(0),
ka0, and N, the spatial luminosity densities were fit to the sur-
face brightness of the galaxies by nonlinear least-squares fitting
methods. We set the initial value of the axial ratio of the compo-
nents as q = 0.7 for the bulge and q = 0.1 for the disk, which
were shown to be the most frequently used values for the nearby
galaxies (Tamm & Tenjes 2005). We set a lower limit of 0.4 for
the bulge and an upper limit of 0.3 for the disk based on SDSS re-
sults (Padilla & Strauss 2008; Rodríguez & Padilla 2013). Using
the photometry of the 15 HSB and 15 LSB galaxies, we decom-
posed the surface brightness profile into bulge and disk compo-
nents. The fit results are given in Table 1 and shown in Figures 4
and 5 in the Appendix. In Table 1 we also list the redshift z of the
galaxies from the NASA/IPAC Extragalactic Database, confirm-
ing that all galaxies belong to the local Universe. In the case of
the LSB galaxies F563-1 and F583-1, the surface brightness dis-
tribution indicates only a bulge component. Knowing the spatial
distribution of the luminous matter l(a), we are able to construct
the mass model, and consequently the rotational velocity curve
of the baryonic component. In the next subsections we present
the fitting results with the baryonic matter and three different
dark matter density profiles.
4. Best-fit galaxy rotational curves
We proceeded in a similar way for the HSB and LSB galaxies.
First we fit the surface brightness distributions with the model
described in Section 2, inferring the luminosity distribution of
the baryonic component. When we fit the dark matter models,
we included the baryonic component, with fixed M/L ratios as
described in the next subsection. We applied the nonlinear least-
squares method to perform the fit with 1/error2 weights, mini-
mizing the residual sum of squares (χ2) between the data and the
model.
4.1. Estimated mass-to-light ratio of the bulge and the disk
To estimate the M/L ratios, we employed color–to-mass-to-light
ratio relations (CMLR). The relation between the stellar M/L
ratio and the color index is logΥ⋆ = αi + βi(mi − m j), where Υ⋆
is the stellar M/L ratio, and mi −m j is the color index calculated
from i and j photometric bands.
McGaugh & Schombert (2014) combined Spitzer 3.6µm in-
frared observations of a sample of disk galaxies with optical lu-
minosities to test four different population synthesis prescrip-
tions for computing stellar mass. In their analysis the bulge
and disk were not distinguished. They found that the semi-
empirical stellar population synthesis model of Bell et al. (2003)
is self-consistent, and the revised CMLR based on the model of
Bell et al. (2003) has the least scatter (the self-consistency sat-
isfies that different photometric bands provide the same stellar
mass). This model is one of the two population synthesis mod-
els that required the smallest corrections to the Spitzer data.
Therefore we calculated Υ⋆ considering the revised CMLR of
McGaugh & Schombert (2014), which explores the color index
B−V . This model was tested by circular arguments and assumes
that the scatter in the baryonic Tully-Fisher relation should be
minimized for all galaxies. For the HSB galaxies with known
color index B − R, we used the original CMLR of Bell et al.
(2003). We summarize the coefficients of these CMLR-s in Table
2.
The color indices were collected from the literature as indi-
cated in Table 3. When transforming the SDSS colors to B − V
color index, we applied the relation B − V = 0.98(g − r) + 0.22
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Table 1. Best-fit parameters describing the luminosity density distribution of the baryonic matter of 15 HSB spiral and 15 LSB galaxies. The
surface brightness photometry of the galaxies that were fit with the models are taken from 1Palunas & Williams (2000), 2van der Hulst et al.
(1993), 3de Blok et al. (1996), 4de Blok et al. (1995), 5Kim (2007), and 6de Blok et al. (2008). The superscript asterisk indicates galaxies for
which a bulge component fully describes the surface brightness density.
ID z l(0)b ka0,b Nb qb l(0)d ka0,d Nd qd
109L⊙/kpc3 kpc 107L⊙/kpc3 kpc
ESO215G391 0.014 0.349 ± 0.003 0.404 ± 0.013 0.956 ± 0.042 0.742 ± 0.040 3.113 ± 0.007 6.082 ± 0.002 0.432 ± 0.003 0.098 ± 0.010
ESO322G761 0.015 1.3 ± 0.003 0.720 ± 0.011 0.780 ± 0.022 0.810 ± 0.018 35.62 ± 0.07 3.5 ± 0.002 0.87 ± 0.003 0.100 ± 0.002
ESO322G771 0.008 7.3 ± 0.006 0.140 ± 0.001 1.300 ± 0.002 0.640 ± 0.006 42 ± 0.02 2.800 ± 0.002 0.760 ± 0.011 0.140 ± 0.003
ESO322G821 0.015 4.3 ± 0.001 0.21 ± 0.005 1.66 ± 0.02 0.66 ± 0.080 12.6 ± 0.01 8.58 ± 0.056 0.659 ± 0.006 0.08 ± 0.034
ESO323G251 0.014 2.309 ± 0.005 0.458 ± 0.005 0.535 ± 0.006 0.462 ± 0.008 56.58 ± 0.04 2.467 ± 0.002 1.055 ± 0.008 0.154 ± 0.002
ESO374G021 0.009 58.4 ± 0.001 0.07 ± 0.004 1.92 ± 0.04 0.66 ± 0.04 158.0 ± 0.01 1.48 ± 0.04 1.40 ± 0.018 0.08 ± 0.02
ESO375G121 0.010 55.4 ± 0.001 0.08 ± 0.003 1.80 ± 0.03 0.67 ± 0.05 88.3 ± 0.01 2.70 ± 0.029 1.33 ± 0.008 0.08 ± 0.01
ESO376G021 0.014 28.3 ± 0.01 0.095 ± 0.002 1.64 ± 0.02 0.67 ± 0.41 51.0 ± 0.01 3.20 ± 0.087 1.01 ± 0.02 0.08 ± 0.17
ESO383G021 0.021 56.056 ± 0.05 0.130 ± 0.002 1.20 ± 0.001 0.43 ± 0.04 16 ± 0.05 2.6 ± 0.003 1.200 ± 0.003 0.200 ± 0.005
ESO383G881 0.014 3.89 ± 0.05 0.100 ± 0.012 1.61 ± 0.089 0.68 ± 0.09 17.2 ± 0.00 5.61 ± 0.03 0.776 ± 0.005 0.08 ± 0.04
ESO445G191 0.016 6.048 ± 0.004 0.129 ± 0.003 1.519 ± 0.029 0.741 ± 0.054 12.40 ± 0.08 5.631 ± 0.008 0.744 ± 0.003 0.148 ± 0.002
ESO446G011 0.023 2.2 ± 0.001 0.740 ± 0.007 1.100 ± 0.017 0.42 ± 0.020 8.000 ± 0.006 4.4 ± 0.001 1.1 ± 0.007 0.19 ± 0.008
ESO502G021 0.013 23.5 ± 0.003 0.09 ± 0.001 1.60 ± 0.01 0.80 ± 0.043 106.8 ± 0.01 2.16 ± 0.023 1.06 ± 0.01 0.08 ± 0.010
ESO509G801 0.022 0.972 ± 0.001 0.666 ± 0.022 0.963 ± 0.031 0.986 ± 0.023 2.036 ± 0.001 11.304 ± 0.001 0.564 ± 0.005 0.265 ± 0.005
ESO569G171 0.013 3.815 ± 0.003 0.385 ± 0.023 0.590 ± 0.06 0.713 ± 0.063 174 ± 2 1.643 ± 0.067 0.902 ± 0.018 0.146 ± 0.011
ID z l(0)b ka0,b Nb qb l(0)d ka0,d Nd qd
107L⊙/kpc3 kpc 106L⊙/kpc3 kpc
F561-12 0.016 2.235 ± 0.002 0.877 ± 0.098 1.045 ± 0.088 0.894 ± 0.085 1.731 ± 0.001 9.482 ± 0.036 0.138 ± 0.048 0.292 ± 0.016
F563-13⋆ 0.012 61.08 ± 0.20 0.174 ± 0.015 2.128 ± 0.019 0.855 ± 0.019 - - - -
F568-34 0.019 1.561 ± 0.007 2.290 ± 0.014 0.649 ± 0.018 0.936 ± 0.028 6.368 ± 0.05 11.087 ± 0.02 0.251 ± 0.002 0.100 ± 0.002
F579-V13 0.021 1.639 ± 0.002 1.283 ± 0.026 0.574 ± 0.054 0.888 ± 0.051 7.342 ± 0.01 6.741 ± 0.004 0.601 ± 0.005 0.262 ± 0.007
F583-13⋆ 0.008 6.059 ± 0.008 0.390 ± 0.004 1.629 ± 0.007 0.625 ± 0.006 - - - -
F730-V15 0.036 4.351 ± 0.01 1.120 ± 0.025 1.217 ± 0.031 0.816 ± 0.018 5.434 ± 0.02 9.404 ± 0.004 0.43 ± 0.076 0.11 ± 0.014
UGC1284 0.015 9.360 ± 0.005 0.356 ± 0.014 1.595 ± 0.026 0.869 ± 0.034 2.983 ± 0.051 11.362 ± 0.005 0.690 ± 0.08 0.190 ± 0.026
UGC12302 0.012 1.9 ± 0.05 0.818 ± 0.028 1.002 ± 0.027 0.60 ± 0.018 9.7 ± 0.004 4.3 ± 0.005 1.0 ± 0.045 0.11 ± 0.011
UGC57504 0.014 12 ± 0.05 0.270 ± 0.004 1.5 ± 0.021 1.0 ± 0.024 6.6 ± 0.003 8.8 ± 0.006 0.430 ± 0.051 0.13 ± 0.009
UGC66145 0.021 167.8 ± 0.5 0.270 ± 0.005 1.47 ± 0.016 0.65 ± 0.05 5.7 ± 0.03 15.8 ± 0.008 0.752 ± 0.069 0.08 ± 0.02
UGC103105 0.002 9.4 ± 0.01 0.44 ± 0.014 0.88 ± 0.044 0.71 ± 0.01 17.5 ± 0.001 1.4 ± 0.12 1.1 ± 0.06 0.12 ± 0.01
UGC114545 0.022 127.5 ± 5 0.206 ± 0.011 1.4 ± 0.062 0.80 ± 0.02 64.4 ± 0.001 3.47 ± 0.099 1.09 ± 0.031 0.09 ± 0.01
UGC116165 0.017 83.1 ± 0.01 0.545 ± 0.043 1.23 ± 0.096 0.66 ± 0.04 43.8 ± 0.002 5.5 ± 0.31 0.844 ± 0.069 0.08 ± 0.02
UGC117485 0.018 114.4 ± 5 0.980 ± 0.010 0.847 ± 0.014 0.80 ± 0.04 286.1 ± 0.5 3.1 ± 0.17 1.19 ± 0.046 0.08 ± 0.03
UGC118195 0.014 88.01 ± 0.1 0.197 ± 0.002 1.081 ± 0.013 0.991 ± 0.013 130 ± 1 5.789 ± 0.002 0.753 ± 0.015 0.113 ± 0.001
Table 2. Coefficients of the color–mass-to-light ratios employed in this paper.
Ref Color index αV βV αR βR αI βI
Bell et al. (2003) B − V -0.628 1.305 -0.520 1.094 -0.399 0.824
B − R -0.633 0.816 -0.523 0.683 -0.405 0.518
McGaugh & Schombert (2014) B − V -0.628 1.305 - - -0.275 0.615
given by Jester et al. (2005). Where the color indices were not
corrected for extinction (Adelman-McCarthy et al. 2008; Kim
2007), we have done it using Landolt standard-fields.
We estimate the mass of the gaseous disk Mgas employing
the gas mass fraction
fg =
Mgas
Mgas + M⋆
, (17)
where M⋆ is the stellar mass of the galaxy. There are empir-
ical relations between the gas mass fraction, the brightness,
and the color index of the galaxies. McGaugh & de Blok (1997)
found that in general, fg computed from B-band and I-band
data of spiral galaxies correspond closely. More precisely, for
the I-band HSB galaxies fg = 0.12(MB + 23) holds for the
gas mass fraction and the absolute magnitude of the galaxy
in B band (McGaugh & de Blok 1997). The absolute B mag-
nitudes are derived based on the galaxy distances collected
from Palunas & Williams (2000) and their apparent B magni-
tudes collected from the NASA/IPAC Extragalactic Database
(Lauberts & Valentijn 1989). McGaugh & de Blok (1997) gave
a relation between fg and the B − V color index, fg = −1.4[(B−
V) − 0.95]. We used this equation to calculate fg for the LSB
galaxies with available B − V indices: F730-V1, UGC10310,
UGC11454, UGC11616, UGC11748, and UGC11819. For the
other galaxies, fg is available directly from the literature: F561-1,
F568-3, UGC128, UGC1230, UGC6614 (McGaugh & de Blok
1997), F579-V1, and UGC5750 (Schombert & McGaugh 2014).
The stellar mass-to-light ratio Υ⋆ was taken as the bulge
M/L, Υb. Then the stellar mass, encompassed by the bulge and
the disk, is M⋆ = Υ⋆L, where L = Lb + Ld is the total luminosity
of the galaxy, calculated from the best-fit central luminosity den-
sity of the bulge (Lb) and the disk (Ld). The corresponding scal-
ing parameters, k = Γ(2N)/Γ(3N) and h = Γ2(3N)/[NΓ3(2N)]
(Tamm et al. 2012) were calculated based on the best-fit N and
ka0 of the bulge and disk components. The gas mass Mgas was
derived based on fg and M⋆. Then the M/L ratio of the disk is
Υd = (M⋆ + Mgas)/L.
We summarize the photometric informations, M/L ratios,
and total luminosities and masses in Table 3. These M/L ratios
are assumed constant when fitting the baryonic + dark matter
models to the rotation curve data.
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Table 3. Color indices of the chosen galaxies (de Vaucouleurs et al. (1992)1, Lauberts & Valentijn (1989)2, McGaugh & de Blok (1997)3,
Adelman-McCarthy et al. (2008)4, Stark et al. (2009)5, Kim (2007)6), their gas mass fraction ( fg), total luminosity in i photometric band (Li),
stellar (M⋆) and gas masses (Mgas), and estimated M/L ratios for the bulge (Υb), and for the disk (Υd).
ID B − V B − R Ref. fg Li M⋆ Mgas Υb Υd
(m) (m) ×108L⊙ ×108M⊙ ×108M⊙ (M⊙/L⊙) (M⊙/L⊙)
ESO215G39 0.54 - 1 0.38 26.3 29.9 18.5 1.14 1.84
ESO322G76 - 0.13 2 0.26 296 136 48.4 0.46 0.62
ESO322G77 - 0.72 2 0.52 9.11 8.48 9.34 0.93 1.96
ESO322G82 - 0.99 2 0.24 10.2 13.1 4.24 1.28 1.69
ESO323G25 - 1.10 2 0.28 120 176 70 1.47 2.05
ESO374G02 - 0.64 2 0.27 9.01 7.58 2.77 0.84 1.15
ESO375G12 0.61 - 1 0.20 13.4 16.8 4.31 1.25 1.58
ESO376G02 0.40 - 1 0.37 7.31 6.82 3.98 0.93 1.48
ESO383G02 - 0.84 2 0.31 96.1 103 46.7 1.08 1.56
ESO383G88 - 1.08 2 0.38 5.32 7.61 4.73 1.43 2.32
ESO445G19 - 0.71 2 0.38 5.4 4.94 2.98 0.92 1.47
ESO446G01 - 0.57 2 0.26 231 180 63.2 0.78 1.05
ESO502G02 - 1.24 2 0.35 6.21 10.7 5.71 1.72 2.64
ESO509G80 - 1.04 2 0.29 266 363 152 1.37 1.94
ESO569G17 - 0.53 2 0.35 391 291 159 0.74 1.15
F561-1 0.41 - 3 0.46 159 135.00 115 0.85 1.57
F563-1 0.65 - 3 - 2.89 4.48 - 1.55 -
F568-3 0.55 - 3 0.55 320 386 472 1.21 2.68
F579-V1 0.76 - 4 0.34 74.40 151 77.9 2.03 3.08
F583-1 0.39 - 5 - 0.72 0.58 - 0.81 -
F730-V1 0.54 - 6 0.57 11.60 13.9 18.5 1.20 2.80
UGC128 0.60 - 6 0.72 1.43 1.96 5.04 1.37 4.89
UGC1230 0.52 - 3 0.80 11.3 12.7 50.7 1.12 5.60
UGC5750 0.53 - 4 0.67 1.08 1.25 2.54 1.16 3.51
UGC6614 0.72 - 3 0.45 2.53 5.18 4.23 2.05 3.73
UGC10310 0.42 - 1 0.74 3.3 2.75 7.9 0.83 3.22
UGC11454 0.47 - 6 0.67 5.61 5.46 11 1.1 0.82
UGC11616 0.36 - 6 0.83 21.7 15 71.4 0.69 3.99
UGC11748 0.38 - 6 0.80 78.5 58.3 226 0.74 3.62
UGC11819 0.60 - 6 0.29 65.2 93.4 37.9 1.43 2.01
4.2. HSB galaxies
We collected the rotational velocity data of the HSB galaxy sam-
ple from Palunas & Williams (2000), who presented maximum
disk models for a sample of 74 field and cluster spiral galax-
ies located in the vicinity of the Hydra-Centaurus cluster. For
each galaxy they had I-band CCD images and two-dimensional
(2D) Hα velocity maps, from which the surface brightness dis-
tribution and rotational velocity curve of each galaxy were pro-
duced. From this sample 15 galaxies were selected such that
these galaxies did not show bars, or rings, which might contra-
dict the assumption of axisymmetry. We summarize the best-fit
parameters in Table 4. We present the best-fit rotational velocity
models and the galaxy velocity curves on Fig. 1. We note that the
error bars on the individual data points are quite large compared
to the scatter in the mean data values, suggesting that the error
bars are slightly overestimated.
4.3. LSB galaxies
We have explored a database of LSB galaxies taken from
the literature as follows: the smoothed hybrid Hα-HI rota-
tional velocity curves of the LSB galaxies F561-1, F563-1,
F568-3, F583-1, F730-V1, UGC5750, UGC10310, UGC 11454,
UGC11616, UGC11748, UGC11819, and UGC6614 from
de Blok et al. (2001), the HI rotational velocity curve of F579-
V1 from de Blok et al. (1996), the HI rotational velocity curves
of UGC128 and UGC1230 from van der Hulst et al. (1993).
de Blok et al. (2001) calculated the errors on the smoothed ro-
tational curves as follows. The error bars consist of two compo-
nents: (1) observational errors that are due to the measurement
uncertainties in the individual raw data points, and (2) the dif-
ferences between approaching and receding sides and noncircu-
lar motions. For the final error estimate, these two uncertainties
were added quadratically. The original data for the approach-
ing and receding sides are available in McGaugh et al. (2001)1,
showing only slight asymmetries. In the other four cases, no er-
rors were published with the data. As the radial distribution of
the velocities shows a quite regular pattern, we assumed for them
10 percent errors. We have determined the best-fit parameters
for each of the baryonic + NFW, baryonic + Einasto, baryonic
+ PSE models, and they are listed in Table 5. We present the
rotational velocity curves of the best-fit models and the galaxy
velocity curves in Fig. 2.
5. Relevance of dark matter models
5.1. Comparison of dark matter models
Since the dark matter models are not submodels of each other,
comparing them by exact statistical tests, such as the likelihood
1 http://astroweb.case.edu/ssm/data/RCHalpha.0701.dat
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Table 4. Parameters describing the best-fit pure baryonic, baryonic + NFW, baryonic + Einasto, and baryonic + PSE models of 15 HSB galaxies.
The rotational velocity data of the galaxies that were fit with the models are taken from Palunas & Williams (2000). When the best-fit is within the
1σ confidence level, the χ2-values are indicated in boldface.
Baryonic NFW Einasto PSE
ID Υb Υd χ2B ρs rs χ
2
NFW ρe re n χ
2
E ρ0 rc χ
2
P 1σNFW,P 1σE
(M⊙kpc−3) (kpc) (M⊙kpc−3) (kpc) (M⊙kpc−3) (kpc)
ESO215G39 1.14 1.84 922.9 1.80E+07 10.74 5.76 8.04E+05 18.85 2.9 7.03 2.80E+08 1.26 6.59 36.3 35.24
ESO322G76 0.46 0.62 1064.8 3.74E+07 7.27 15.6 1.20E+04 120 6.1 13.62 5.80E+08 0.9 16.29 56.3 55.25
ESO322G77 0.93 1.96 179.15 1.89E+08 2.90 2.51 2.70E+04 76 6.5 3.09 2.15E+09 0.42 3.23 14.84 13.74
ESO322G82 1.28 1.69 663.215 1.37E+08 3.19 76.1 7.16E+05 15.97 4.01 88.1 2.01E+09 0.38 77.9 39.48 38.42
ESO323G25 1.47 2.05 324.71 2.80E+08 2.2 31.28 3.60E+03 120 9.6 29.01 7.40E+09 0.19 26.01 68.83 67.79
ESO374G02 0.84 1.15 1928.88 9.19E+07 5.35 37.4 7.83E+04 55.7 5.6 40.9 7.67E+08 0.90 37.6 88.58 87.54
ESO375G12 1.25 1.58 1052 2.02E+08 3.32 8.4 1.66E+06 13.98 3.58 14.0 1.54E+10 0.17 7.95 53.15 52.11
ESO376G02 0.93 1.48 2164.92 4.31E+07 6.09 200.2 5.33E+06 8.28 1.74 162.1 3.43E+08 1.09 158.8 63.61 62.57
ESO383G02 1.08 1.56 564.68 8.48E+07 4.5 5.93 1.62E+06 13.36 2.92 5.84 1.41E+09 0.54 6.69 49.64 41.59
ESO383G88 1.43 2.32 616.92 7.54E+07 2.94 57.2 6.01E+06 5.32 1.5 67.2 9.06E+08 0.40 53.0 53.15 52.11
ESO445G19 0.92 1.47 363.27 2.35E+07 8.23 3.56 4.60E+04 60 4.9 0.33 2.78E+08 1.16 4.26 40.53 39.48
ESO446G01 0.78 1.05 735.53 3.56E+07 8.38 11.88 8.70E+03 150 6.5 10.53 4.72E+08 1.11 10.31 46.85 45.80
ESO502G02 1.72 2.64 33.0 1.26E+08 0.42 32.9 4.70E+07 1.2 0.08 31.8 8.43E+06 1.49 30.1 43.7 42.64
ESO509G80 1.37 1.94 1124.27 1.83E+07 14.41 8.30 1.30E+06 22 2.4 7.66 1.85E+08 2.24 7.42 39.48 38.42
ESO569G17 0.74 1.15 126.62 1.10E+07 13.03 4.64 1.30E+06 11 2.9 7.82 2.29E+08 1.21 5.06 21.36 20.28
Table 5. Parameters describing the best-fit pure baryonic, baryonic + NFW, baryonic + Einasto, and baryonic + PSE models of 15 LSB galaxies.
The rotational velocity data of the galaxies are taken from: 1de Blok et al. (2001), 2de Blok et al. (1996), 3van der Hulst et al. (1993). The super-
script ⋆ singles out galaxies, for which a bulge component fully describes the surface brightness density. Whenever the best-fit is within the 1σ
confidence level, the χ2-values are indicated in boldface.
Baryonic NFW Einasto PSE
ID Υb Υd χ2B ρs rs χ
2
NFW ρe re n χ
2
E ρ0 rc χ
2
P 1σNFW,P 1σE
(M⊙kpc−3) (kpc) (M⊙kpc−3) (kpc) (M⊙kpc−3) (kpc)
F561-11 0.85 1.57 249.32 1.50E+06 9.04 7.06 3.53E+06 3.57 0.39 1.13 1.60E+07 1.40 4.10 4.72 3.53
F563-11⋆ 1.55 x 57.49 9.90E+04 160 1.39 1.80E+06 11.54 0.14 0.51 3.36E+06 9.73 0.84 8.18 7.04
F568-31 1.21 2.68 103.32 2.98E+05 80.24 14.03 1.00E+07 4.70 0.13 1.71 1.94E+07 2.92 6.52 9.3 8.18
F579-V12 2.03 3.08 278.90 7.24E+07 3.13 2.88 1.87E+06 8.13 2.90 2.22 8.05E+08 0.46 1.75 12.64 11.54
F583-12⋆ 0.81 x 683.03 8.67E+05 38.57 10.82 2.03E+06 9.22 0.99 0.43 2.60E+07 2.76 0.89 15.94 14.84
F730-V11 1.20 2.80 423.92 1.30E+07 9.83 5.48 3.76E+06 8.03 1.67 0.59 1.98E+08 1.21 1.00 5.89 4.72
UGC1283 1.37 4.89 123.49 3.70E+04 420 8.15 1.88E+05 37.49 1.48 1.58 6.95E+06 6.74 0.95 10.42 9.3
UGC12303 1.12 5.60 146 4.20E+04 290 4.49 1.61E+05 34.17 1.38 0.70 4.53E+06 7.19 0.69 9.3 8.18
UGC57501 1.16 3.51 15.39 1.20E+03 2000 7.79 4.70E+05 19 0.15 3.98 5.39E+05 40.97 4.02 9.3 8.18
UGC66141 2.05 3.73 2229.43 6.4E+06 24.0 81.3 1.14E+05 59.89 3.09 83.42 9.36E+07 2.50 75.06 12.64 11.54
UGC103101 0.83 3.22 173 4.1E+04 210 62.02 1.7E+06 38 0.99 108.48 1.3E+07 1.8E+04 35.53 15.94 14.84
UGC114541 1.1 0.82 13330 8.6E+06 13 125.16 1.64E+06 12.49 1.91 124.43 1.3E+08 1.6 98.37 26.73 25.66
UGC116161 0.69 3.99 846 5.3E+06 9.7 80.86 3.1E+06 6.7 0.89 86.31 6.1E+07 1.4 68.54 24.59 23.51
UGC117481 0.74 3.62 57534 1.17E+08 6.47 2775 3.05E+07 6.57 1.33 2752 1.01E+09 1.12 2627 34.18 33.12
UGC118191 1.43 2.01 19.23 3.18E+06 7.39 3.54 4.41E+06 3.82 0.35 2.05 2.34E+07 1.43 3.09 13.74 12.64
ratio test, is not conclusive. Instead we applied the Akaike infor-
mation criterion AIC = 2N + χ2 (Akaike 1974) that is usually
employed in the literature (e.g., Chemin et al. 2011). The AIC
is a measure of the fit of a given model to the statistical data
based on both the residual sum of squares χ2 and the number of
parameters N. A lower AIC value represents a better model per-
formance. In Table 7 the columns AICNFW, AICE, and AICP are
the calculated AIC values for the baryonic + NFW, the baryonic
+ Einasto, and the baryonic + PSE model, respectively, for those
galaxies for which at least one model fits the dataset within the
1σ confidence level. The lowest values are marked in boldface.
A model is worse than the best-fit model when the difference
∆ of the corresponding AIC values is higher. These differences
are presented in the last three columns of Table 7. We establish
the following thresholds: ∆ ≤ 2 refers to approximately equal
performances, 4 ≤ ∆ ≤ 7 represents a measurable difference in
the fit of the two models, while ∆ > 10 clearly favors one of the
models over the other. We stress, however, that the imposition of
these limits is somewhat arbitrary. For related considerations see
Chapter 2 of Burnham & Anderson (2003).
For 7 galaxies (2 HSB, and 5 LSB) neither the pure bary-
onic nor any of the dark matter models fit the dataset within the
1σ confidence level. In order to identify the performances of the
best-fit models in the case of the other 23 galaxies, the ∆-values
are listed in the last three columns of Table 7, and their inter-
pretation is summarized in Table 8. The best-fit PSE model is
favored in Σ++ + Σ+ = 23 cases (14 HSB, and 9 LSB) and can-
not be ruled out in either case. The best-fit NFW is favored in
Σ++ + Σ+ = 13 cases (10 HSB, and 3 LSB), and is ruled out in
Σ−− = 2 cases (1 HSB, and 1 LSB). The best-fit Einasto model
is favored in Σ++ + Σ+ = 10 cases (3 HSB, and 7 LSB), and is
ruled out in Σ−− = 1 cases (1 HSB).
5.2. Pure baryonic model with M/L ratio fit
The rotational curves cannot be explained by the pure baryonic
matter with the M/L ratios derived in Section 4.1. However,
the estimation of M/L depends on the applied stellar popula-
tion model and the IMF. Previously, we used the self-consistent
model of Bell et al. (2003).
Now we compare the pure baryonic model with fitted M/L to
the models that contain baryonic matter with fixed M/L and dark
matter. For this purposewe employ lower and upper limits on the
M/L ratios based on the nine different models of Bell & de Jong
(2001) and the corresponding CMLRs, tabulated for different
color indices, and for cosmological redshifts z = 0.008 and
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z = 0.02. We used the CMLRs evaluated at z = 0.02, as this
redshift applies for our galaxy sample. In all cases the CMLR
based on the Bruzal & Charlot population synthesis model with
a modified Salpeter IMF gave the lower limits, and the CMLR
based on the PEGASE model with x = −1.85 IMF gave the up-
per limits to the M/L ratios. These M/L ratios (separately for the
bulge and the disk) are summarized in Table 6, from columns 5 to
8. The best-fit values of the M/L ratios are presented in columns
9 and 10 of the same table. In Table 6 we also present the M/L
ratios of the baryonic+dark matter models (in columns 3 and 4)
in order to compare the best-fit M/L ratios of the pure baryonic
model to them.
Columns 9 and 10 of Table 6 show the best-fit M/L ratios
for the bulge and the disk, respectively. In Fig. 3 we represent
the pure baryonic model fits with rotational curve data within
the 1σ confidence level. We found goods fits like this for ten
HSB and two LSB galaxies. Although the fitting is within 1σ
for the HSB galaxies ESO323G25, ESO374G02, ESO445G19,
and ESO446G01, the pure baryonic model still does not re-
produce the plateau as well as the best-fit dark matter models,
which are also indicated in Fig. 3. This appears most clearly for
ESO446G01.
Columns 2 and 6 of Table 7 show the AICB and ∆-value (i.e.,
the difference of AICB to the best-fit AIC), respectively. The sec-
ond column of Table 8 indicates the relevance (based on the AIC)
of the pure baryonic model that is favored in Σ++ + Σ+ = 2 cases
(1 HSB, and 1 LSB), which is ruled out in Σ−− = 13 cases (7
HSB, and 6 LSB).
6. Summary and concluding remarks
In this paper we have assembled a database consisting of 15 HSB
and 15 LSB galaxies that are representative for the various pos-
sible galaxy morphologies of both types. In particular, the HSB
galaxy set contained spiral galaxies of various brightness pro-
files, while the LSB galaxy set contained both disk and dwarf
galaxies. For the selected galaxies, both surface brightness den-
sity data and spectroscopic rotation curve data were available in
the literature.
We explored this dataset for a comparative testing of fre-
quently applied and well-established dark matter models (NFW,
Einasto, and PSE). We investigated the compatibility of the pure
baryonic model and baryonic plus various dark matter models
with observations on the galaxy database. The mass distribu-
tion of the baryonic component of the galaxies was derived from
the spatial luminosity distribution by estimating the M/L ratios
through color–to-mass-to-light relations and gas mass fractions.
For our analysis we constrained the axial ratio of the galaxies
based on SDSS results as 0.4 < qb < 1, and 0 < qd < 0.3.
We calculated the Akaike information criterion to charac-
terize the goodness of the best-fit models. In case of the pure
baryonic model, the M/L ratios were varied between reasonable
limits in the fitting to the rotation curves, while in case of bary-
onic + dark matter combined models, the baryonic component
was inferred using M/L ratios derived based on the CMLR of
Bell et al. (2003) and McGaugh & Schombert (2014). In case of
7 galaxies (2 HSB, and 5 LSB), neither model fits the dataset
within the 1σ confidence level. According to the Akaike infor-
mation criterion, the pseudo-isothermal sphere emerges as most
favored in 14 cases out of the remaining 23 galaxies, followed
by the Navarro-Frenk-White (6 cases) and the Einasto (3 cases)
dark matter models.
The pure baryonic model with an M/L ratio fit did not pro-
vide the best model performance in any of the cases, and it was
ruled out in case of 7 HSB and 6 LSB galaxies based on the AIC.
On the other hand, the pure baryonic model fit the dataset within
the 1σ confidence level in case of 10 HSB and 2 LSB galaxies.
From these 12 galaxies, the pure baryonicmodel provided a poor
fit compared to the best-fit DM model in 5 cases, giving ∆ > 10.
This clearly disfavors the baryonic model.
By cross-correlating the results of the fits by the two meth-
ods, we found that the following seven galaxies could not be
described with any of the considered models: ESO322G82,
ESO376G02, UGC6614, UGC10310, UGC11454, UGC11616,
and UGC11748. The proper modeling of these galaxies needs
more sophisticated descriptions. Employing massive datasets
of 2D velocity fields from integral field unit surveys, such as
SAMI (Allen et al. 2015) andMaNGA in SDSS-IV (Bundy et al.
2015), will help to further develop the method we presented and
test it for non-axisymmetry on high-quality velocity fields with
well-defined errors.
The remaining 23 galaxies from the dataset, which require
a dark matter component to be modeled, might be useful in the
comparative testing of spherically symmetric dark matter substi-
tutes emerging in either alternative gravity theories or from the
study of non-standard dark matter candidates, like Bose-Einstein
condensates.
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Table 6. Best-fit (BF) dark matter models in column 2, where N/E/P marks hold for the Navarro-Frank-White/Einasto/pseudo-isothermal sphere
models, and the estimated M/L ratios of the baryonic+dark matter models (Υb and Υd for the bulge and disk, respectively) in columns 3 and 4.
Columns 5 to 8 show the lower (Υb,min, Υd,min) and the upper limits (Υb,max, Υd,max) of the M/L ratios for the bulge and disk, respectively, derived
from the CMLR relations given in Bell & de Jong (2001). The best-fit values of the bulge and disk M/L ratios (Υb,bf , Υd,bf) are given in columns
9 and 10, respectively, obtained from fitting the pure baryonic model to the rotational curves. The χ2 and the 1σ confidence intervals are given in
columns 11 and 12. When the fit is within the 1σ confidence level, the χ2-values are indicated in boldface.
ID Dark matter Baryonic
BF Υb Υd Υb,min Υb,max Υd,min Υd,max Υb,bf Υd,bf χ2B 1σ
ESO215G39 E 1.14 1.84 0.88 3.35 1.43 5.42 3.35 5.42 203.39 36.3
ESO322G76 E 0.46 0.62 0.32 1.43 0.43 1.95 1.43 1.95 57.9 56.3
ESO322G77 E 0.93 1.96 0.66 2.61 1.39 5.49 2.6 3.7 4.72 14.84
ESO322G82 B 1.28 1.69 0.92 3.43 1.22 4.54 2.6 2.4 75.47 39.48
ESO323G25 P 1.47 2.05 1.06 3.85 1.48 5.38 3.7 2.8 52.8 68.83
ESO374G02 N 0.84 1.15 0.59 2.4 0.81 3.28 1.1 2.9 49.84 88.58
ESO375G12 P 1.25 1.58 0.99 3.7 1.25 4.65 2.1 2.2 12.75 53.15
ESO376G02 P 0.93 1.48 0.69 2.74 1.1 4.34 1.1 2.9 190.42 63.61
ESO383G02 N 1.08 1.56 0.77 2.96 1.12 4.3 2.6 3.5 7.06 49.64
ESO383G88 P 1.43 2.32 1.03 3.77 1.68 6.11 3.7 3 87.33 53.15
ESO445G19 E 0.92 1.47 0.65 2.58 1.04 4.13 2.4 2.7 5.63 40.53
ESO446G01 P 0.78 1.05 0.55 2.25 0.74 3.04 1.6 3 25.77 46.85
ESO502G02 P 1.72 2.64 1.25 4.4 1.92 6.76 1.55 2.78 32.14 43.7
ESO509G80 P 1.37 1.94 0.98 3.62 1.4 5.14 3.2 4.9 19.16 39.48
ESO569G17 N 0.74 1.15 0.52 2.16 0.81 3.34 0.64 1.8 8.84 21.36
F561-1 E 0.85 1.57 0.77 3.19 1.43 5.91 1.1 3.2 75.53 4.72
F563-1 P 1.55 - 1.25 4.94 - - 2.7 - 10.77 8.18
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F730-V1 P 1.2 2.8 0.31 4.27 0.71 9.96 4.27 7.4 22.3 5.89
UGC128 P 1.37 4.89 1.13 4.51 4.03 16.1 1.13 11.64 17.6 10.42
UGC1230 P 1.12 5.6 0.96 3.9 4.8 19.49 0.96 11.46 62.57 9.3
UGC5750 P 1.16 3.51 0.99 4 2.99 12.12 0.99 3.59 14 9.3
UGC6614 P 2.05 3.73 0.31 6.33 0.56 11.5 5.31 11.5 182.6 12.64
UGC10310 P 0.83 3.22 0.3 3.26 1.18 12.64 0.3 1.4 57.69 15.94
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Table 7. Akaike information criterion of the pure baryonic model with the M/L ratio fit (AICB), baryonic model with estimated M/L ratio combined
with the NFW (AICNFW), the Einasto (AICE), and the PSE dark matter models (AICP). The number of the fitted parameters are 2, 2, 3, and 2,
respectively. We indicate the smallest AIC number for each galaxy in boldface, and give the ∆ values.
ID AICB AICNFW AICE AICP ∆B ∆NFW ∆E ∆P
ESO215G39 207.39 9.76 13.03 10.59 197.63 0 3.27 0.83
ESO322G76 61.90 19.60 19.62 20.29 42.3 0 0.02 0.69
ESO322G77 8.72 6.51 9.09 7.23 2.21 0 2.58 0.72
ESO323G25 56.80 35.28 35.01 30.01 26.79 5.27 5 0
ESO374G02 53.84 41.4 46.9 41.6 12.44 0 5.5 0.2
ESO375G12 16.75 12.4 20 11.95 4.8 0.45 8.05 0.0
ESO383G02 11.06 9.63 11.84 10.69 1.13 0 1.91 0.76
ESO383G88 91.33 61.2 73.2 57 34.33 4.2 16.2 0
ESO445G19 9.63 7.56 6.33 8.26 3.3 1.23 0 1.93
ESO446G01 29.77 15.88 16.53 14.31 15.46 1.57 2.22 0
ESO502G02 36.14 36.9 37.8 34.1 2.04 2.8 3.7 0.0
ESO509G80 23.16 12.30 13.66 11.42 11.74 0.88 2.24 0
ESO569G17 12.84 8.64 13.82 9.06 4.2 0 5.18 0.42
F561-1 79.53 11.06 7.13 8.1 72.4 3.93 0 0.97
F563-1 14.77 5.39 6.51 4.84 9.93 0.55 1.67 0
F568-3 12.93 18.03 7.71 10.52 5.22 10.32 0 2.81
F579-V1 43.87 6.88 8.22 5.75 38.12 1.13 2.47 0
F583-1 295.53 14.82 6.43 4.89 290.64 9.93 1.54 0
F730-V1 26.30 9.48 6.59 5 21.3 4.48 1.59 0
UGC128 21.60 12.15 7.58 4.95 16.65 7.2 2.63 0
UGC1230 66.57 8.49 6.7 4.69 61.88 3.8 2.01 0
UGC5750 18 11.79 9.98 8.02 9.98 3.77 1.96 0
UGC11819 8.52 7.54 8.05 7.09 1.43 0.45 0.96 0
Table 8. Model performances based the ∆-values. The models marked with a plus (with 0 < ∆ ≤ 2) refer to comparably good performances,
double pluses represent the best fit (with ∆ = 0). The analysis of the fitness of the models marked as 0 (with 2 < ∆ < 4) is inconclusive, models
marked with a minus (with 4 ≤ ∆ ≤ 10) are disfavored, while the models marked with a double minus (with 10 < ∆) are clearly ruled out. The
number of cases where the given model is favored (Σ++ + Σ+) or ruled out (Σ−− + Σ−) is also represented.
HSB galaxies LSB galaxies
ID ∆B ∆NFW ∆E ∆P ID ∆B ∆NFW ∆E ∆P
ESO215G39 −− ++ 0 + F561-1 −− 0 ++ +
ESO322G76 −− ++ + + F563-1 − + + ++
ESO322G77 0 ++ 0 + F568-3 − −− ++ 0
ESO323G25 −− − − ++ F579-V1 −− + 0 ++
ESO374G02 −− ++ − + F583-1 −− − + ++
ESO375G12 − + − ++ F730-V1 −− − + ++
ESO383G02 + ++ + + UGC128 −− − 0 ++
ESO383G88 −− −− −− ++ UGC1230 −− 0 0 ++
ESO445G19 0 + ++ + UGC5750 − 0 + ++
ESO446G01 −− + 0 ++ UGC11819 + + + ++
ESO502G02 0 0 0 ++
ESO509G80 −− + 0 ++
ESO569G17 − ++ − +
Σ++ 0 6 1 6 Σ++ 0 0 2 8
Σ+ 1 4 2 6 Σ+ 1 3 5 1
Σ− 2 1 4 0 Σ− 3 3 0 0
Σ−− 7 1 1 0 Σ−− 6 1 0 0
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Fig. 1. Best-fit rotational curves for the HSB galaxy sample. The dots with error bars denote archive rotational velocity curves derived from
spectroscopic data. The fitted models are pure baryonic (black short-dashed curve), baryonic + NFW (red continuous curve), baryonic + Einasto
(purple dashed curve), and baryonic + PSE (green continuous curve).
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Fig. 2. Best-fit rotational curves for the LSB galaxy sample. The dots with error bars denote archive rotational velocity curves derived from
spectroscopic data. The fitted models are pure baryonic (black short-dashed curve), baryonic + NFW (red continuous curve), baryonic + Einasto
(purple dashed curve), and baryonic + PSE (green continuous curve).
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Fig. 3. Best-fit rotational curves for the HSB and LSB galaxies for which the χ2 values with the fit M/L ratios are within the 1σ confidence level
of the fitting. The best-fit pure baryonic models are indicated by solid red curves, and the best-fit models composed of baryonic matter with fixed
M/L and dark matter are indicated by dashed green curves.
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Fig. 4. Best-fit 1D surface brightness models of the 15 HSB galaxies (upper panels) and their residuals (lower panels). The measurements are
represented as larger black dots, the residuals by points, while the model predictions are shown as black continuous lines.
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Fig. 5. Best-fit 1D surface brightness models of the 15 LSB galaxies (upper panels) and their residuals (lower panels). The measurements are
represented as larger black dots, the residuals by points, while the model predictions are shown as black continuous lines.
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